J 



Europalsches Patentamt 
European Patent Office 
Office europ^en des brevets 



© Publication number: 



0 680 099 A2 



® 



EUROPEAN PATENT APPLICATION 



© Application number: 95106139.9 
@ Date of filing: 24.04.95 


® Int. 01.8: H01L 31/18, H01L 31/0224, 
H01L 31/05, HOI L 31/068 


® Priority: 2a04.94 JP 91443/94 


® Inventor: Asai, Masahito 


@ Date of publication of application: 


432-11 Iwami, 


l\/IIyalce-cho 


02.11.95 Bulletin 95/44 


Shiid-gun, 


0 Designated Contracting States: 


Nara (JP) 


OH DE LI SE 




(g) Applicant: SHARP KABUSHIKI KAISHA 


0 Representative: TER MEER - IM0LL£R - 


22-22 Nagaike-cho 


STEiNIUIEiSTER & PARTNER 


Abeno-lai 


Maueridrcherstrasse 45 


Osaica (JP) 


D-81679 MUnchen (DE) 



0 Solar cell and a method of manufacturing thereof. 



00 



@ A solar cell includes a first n type layer (2a) 
formed on the upper surface of a p type silicon 
substrate (1), a p type layer (7) formed on the back 
surface of the substrate (1) and having an Impurity 
concentration higher than that of the substrate (1), 
and a second n type layer (2b, 2c. 2d) formed at 
least on the side face of the substrate (1) so as to 
connect the first n type layer (2a) and the p type 
layer (7). The second n type layer (2b» 2c, 2d) has 
an impurity concentration lower than that of the first 
n type layer (2a) around the region in contact with 
the p type layer (7). 



(A) 



(B) 



(C) 



FIG. 4 



675 67567 



.2a 
-2b 



2c 



8 8 3 



-2b 



7 5 1 



8a 3 



Sa 6 7 5 5a 1 7 



Rank Xerox (UK) Business Senrices 

(3. 10/3.09/3.3.4) 



1 



EP 0 680 099 A2 



2 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a solar celt and 
a method of manufacturing the same, and more 
particularly, to improvement of a solar cell used in 
a solar cell module including a plurality of series- 
connected solar cells and a method of manufactur- 
ing the same. 

Description of the Background Art 

Rgs. 19 and 20 show a light receiving surface 
(also referred to as "front plane") and a back 
surface of a conventional solar cell. A solar cell 10 
includes a semiconductor substrate 1. The front 
plane of substrate 1 is covered with an anti-reflec- 
tion film 3. A comb-like front silver electrode is 
formed on anti-reflection film 3. The front silver 
electrode is covered with a solder layer 8a. A major 
portion of the back surface of solar cell 10 Is 
covered with an aluminum electrode 6. Back silver 
electrodes are formed at a plurality of local regions 
in the region of aluminum electrode 6. The back 
silver electrodes are covered with a solder layer 5a. 

Figs. 21 and 22 illustrate a method of manufac- 
turing the solar cell shown in Figs. 19 and 20. For 
the sake of simplification, the dimension between 
various elements shown In the drawings are not 
drawn to scale. 

It is to be noted that Fig. 21(A) to (D) and Rg. 
22(A) to (D) show sequential steps of one manufac- 
turing process. 

Referring to Rg. 21(A), a semiconductor sut)- 
strate 1 is prepared having, for example, a diam- 
eter of 100 mm, and a thickness of 0.4 mm. P type 
semiconductor substrate 1 generally has an impu- 
rity concentration in the range of 3x10^^ to 4x10^* 
cm'"^. A silicon substrate 1 having a main surface 
of (100) is generally used. Preferably, the light 
receiving surface of silicon substrate 1 Is formed in 
a pyramid-like concave and convex manner (re- 
ferred to as "texture surface") as in the circle 
showing an enlarged portion thereof for the pur- 
pose of reducing light reflection. Such a texture 
surface Is formed by treating silicon substrate 1 for 
20 to 30 minutes at a temperature in the range of 
80 * C to 90 * C while adding isopropyl alcohol in a 
solution Including several % of NaOH. 

Referring to Fig. 21(B), an n+ layer 2 having a 
thickness of approximately 0.4 um. for example, is 
formed all over the surface of silicon substrate 1. 
n"^ layer 2 can be formed by applying a diffusion 
process for 45 minutes at 900 'C in an ambient 
including POCta gas. for example. Here, a phos- 
phorus glass film (not shown) is produced on the 
surface of n^ layer 2 which is not required. This 



phosphorus glass film can be removed by dipping 
the same in a solution including 10 % of HF for 
one minute. 

Referring to Fig. 21(C), an anti-reflection film 3 

5 such as of titanium oxide or silicon oxide Is formed 
by evaporation or CVD on the light receiving sur- 
face of substrate 1 . Anti-reflection film 3 is formed 
to a thickness of 70 to 80 nm. The presence of an 
n^ layer 2 all over surface of silicon substrate 1 

10 causes shorting between the negative voltage (n 
side) and the positive electrode (p side) of the solar 
cell, so that favorable electrical characteristics can- 
not be obtained. It is therefore necessary to re- 
move n*^ layer 2 at least from the back surface of 

75 silicon substrate 1 . 

Referring to Fig. 21(D), an acid resistant resist 
4 is applied on anti-reflection film 3 by screen 
printing to be dried. Then, an etching step is ap- 
plied using a mixture of hydrofiuoric acid and nitric 

20 acid (HF : HNO3 =1:3). whereby n+ layer 2 is 
removed from the side face and back surface of 
substrate 1. 

Then, resist layer 4 is removed using a solvent 
such as toluene or xylene as shown in Fig. 22(A). 

25 Referring to Fig. 22(B), paste 5 including silver and 
paste 6 including aluminum are printed at a pre- 
determined pattern to be dried. Substrate 1 is 
subjected to a thermal treatment at 700 *G to 
800 'C, whereby a back silver electrode 5 having a 

30 thickness of approximately 20 um and a back 
aluminum electrode 6 having a thickness of ap- 
proximately 50 um are baked. Here, aluminum and 
silicon are alloyed, whereby a p^ layer 7 is formed 
on aluminum electrode 6. p+ layer 7 has a thick- 

35 ness of approximately 5 um to Induce a BSF (Back 
Surface Field) effect. 

Referring to Fig. 22(C), paste 8 including silver 
is printed at a predetermined pattern on anti-reflec- 
tion film 3 to be dried. Then, a thermal treatment is 

40 applied to substrate 1 at a temperature in the range 
of 600 • C - 700 • C, whereby a front silver electrode 
8 having a thickness of approximately 20 um is 
baked. Here, the silver paste includes glass frit, 
and front silver electrode 8 forms an ohmic contact 

45 with n+ layer 2 through anti-refiection 3. 

Referring to Fig. 22(D), solder layers 5a and 8a 
having a thickness of approximately 20 um are 
formed on the surfaces of back silver electrode 5 
and front silver electrode 8, respectively. Thus, a 

50 solar cell 10 is completed. The structure shown in 
Fig. 22(D) corresponds to the structure of Fig. 20 
taken along line 24H - 24H. 

Although the above description is made of an 
n^ layer 2 formed by diffusion using POCI3 gas, 

55 an n^ layer can be formed on a light receiving 
surface by applying a dopant solution including 
alkyi silicate, alcohol, carboxylic acid. etc. and 
phosphorus pentaoxide as a diffusion source on the 
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light receiving surface of the silicon substrate by a 
spin coater, which is then subjected to a diffusion 
thernr>al treatment. However, this known method 
results In formation of an n layer also at the back 
surface and side face of the silicon substrate due 
to automatic doping caused by out-diffusion from 
the applied dopant agent. Therefore, this n layer 
must be removed as in the step shown in Fig. 21- 
(D) by a resist printing method. 

The above-described conventional method of 
manufacturing a solar ceil requires various steps 
such as a resist printing method to remove un- 
required regions of the n type layer, an etching 
step, and a resist removal step. Therefore, the 
manufacturing process of a solar cell was expen- 
sive. 

Furthermore, a conventional solar cell manufac- 
tured as described above had problems set forth in 
the following. 

A solar cell is seldom used in a unitary fashion, 
and a solar cell module is generally used in which 
a plurality of solar cells are connected in series as 
shown in Fig. 23(A). 

Fig. 23(A) shows the top plane view of a solar 
cell module including 36 solar cells 10 connected 
in series. A solar cell 10 is connected to an adja- 
cent solar cell 10 in series by an interconnector 11. 

Rg. 23(B) shows a cross section structure of 
the solar cell module of Rg. 23(A) taken along line 
23B - 238. The solar cell module includes a sup- 
port plate 12 of transparent tempered glass. Solar 
cells 10 connected in series by interconnectors 11 
are imbedded within an EVA resin layer 13. A white 
weather resistant film 14 covers the bottom surface 
of EVA resin layer 13. 

Fig. 23(C) is an equivalent circuit diagram of a 
solar cell module having a plurality of solar cells 
connected in series. In (C). the small anrows repre- 
sent light entering a solar ceil, and the long anrow I 
represents the direction of the output current of the 
solar cell module. 

When a solar cell module Is actually used, a 
portion thereof may be shadowed. More specifi- 
cally, the shadow of a tree, a building, or electric 
wires is cast on the solar cell module. There is also 
a possibility of the solar cell module being shad- 
owed by droppings of birds or dust adhered to the 
sucface thereof. 

in a mode where a short-circuit is established 
across solar cells at both ends of the solar cell 
module, voltage generated from a solar cell which 
is not shadowed is applied to a solar cell which is 
shadowed as a reverse bias voltage. In such a 
shadowed solar cell, power caused by current ac- 
cording to the reverse bias voltage generates heat 
to be consumed. When this reverse bias voltage 
exceeds the peak inverse voltage of the solar cell, 
short-circuit breakdown occurs in that solar cell, 



whereby the output characteristics of the entire 
solar cell module is degraded significantly. The rise 
in temperature and short-circuit breakdown of a 
shadowed solar cell depends upon the reverse 

5 direction properties of a solar cell. It is preferable 
to facilitate current flow in the reverse direction of a 
solar cell in order to reduce such phenomenon. 

In a conventional solar cell as shown in Fig. 22- 
(D), complete isolation is achieved by a pn junction 

10 between the positive electrode side and the nega- 
tive electrode side. Therefore, the forward direction 
properties of the solar cell is favorable so that high 
conversion efficiency can be obtained. However, 
current does not easily flow in the reverse dlrec- 

75 tion. 

Rg. 24 shows the current voltage (l-V) char- 
acteristics of such a solar cell in a qualitative 
manner. The voltage V is plotted along the ab- 
scissa, and the current I is plotted along the or- 

20 dinate. Curve 24A shows the l-V characteristics of 
a solar cell illuminated with light, and curve 248 
shows the same in a solar cell attaining a darkened 
state. It is appreciated that reverse direction current 
cannot easily flow in a solar cell as shown in Rg. 

25 22(A) attaining a darkened state. 

Fig. 25 shows an equivalent circuit diagram of 
a solar cell. It is considered that a solar cell in- 
cludes parallel resistance and serial resistance. 
More specifically, it is expected that a solar cell 

30 having the l-V characteristics as shown in Fig. 24 
has great parallel resistance. It is to be noted that 
the parallel resistance and serial resistance are not 
shown in the equivalent circuit diagram of Fig. 23- 
(C). 

35 Fig. 26 is a graph showing the influence of a 

shadow in a solar cell module including 36 solar 
cells, each having a diameter of 100 mm. and 
parallel resistance of 20 kQ/cm^. The output voltage 
of the solar cell module is plotted along the ab- 

40 scissa, and the output current is plotted along the 
ordinate. The curve representing 100 % shows the 
l-V characteristics of a solar cell module in which 
one light receiving surface of a solar cell is entirely 
shadowed out of the 36 solar cells. Similarly, the 

45 various % numerics corresponding to respective 
curves represent the rate of the shadowed area 
fonmed on one solar cell out of the 36 solar cells. It 
is appreciatejd from Rg. 26 that the entire output of 
a solar cell module is extremely reduced as the 

50 area of a shadow formed in one solar cell increases 
when each solar cell has great parallel resistance. 

Fig. 27 shows the result of a simulation in 
assessing the power consumption of one shadowed 
solar celt in a solar cell module where 32 solar 

55 cells including parallel resistance of 20 kQ/cm^ are 
connected in series. In (A), curve 278 shows the I- 
V characteristics of one solar cell in which 20 % of 
the light receiving area is shadowed. Curve 27A 



3 



5 



EP 0 680 099 A2 



6 



shows the l-V characteristics of the remaining 31 
solar cells connected in series. Curve 27C shows 
the I-V characteristics obtained by combining 
curves 27A and 27B. The area of the hatched 
region corresponds to power consumed by the one 5 
shadowed solar cell. 

Referring to Fig. 27(B). curve 27D shows the I- 
V characteristics of one solar cell in which 70 % of 
the light receiving area is shadowed. Curve 27(E) 
shows the l-V characteristics obtained by combin- to 
Ing curves 27A and 27D. By comparing the area of 
the hatched region between (A) and (B) in Fig. 27. 
It is appreciated that the power expended by a 
shadowed solar cell having a shadowed light re- 
ceiving area of 70 % is lower than that having a 75 
shadowed light receiving area of 20 %. 

Fig. 28 is similar to Fig. 27 provided that each 
solar cell has parallel resistance of 1 kQ/cm^. Refer- 
ring to Rg. 28(A), curve 28B shows the l-V char- 
acteristics of one solar cell in which 20 % of the 20 
light receiving area is shadowed. Curve 28A shows 
the l-V characteristics of the remaining 31 solar 
cells. Curve 28C shows the l-V characteristics ob- 
tained by combining curves 28A and 28B. Refer- 
ring to Fig. 28(B), curve 28D shows the l-V char- 25 
acteristics of one solar cell in which 70 % of the 
light receiving area Is shadowed. Curve 28E shows 
the l-V characteristics obtained by combining 
curves 28A and 28D. It is appreciated by compar- 
ing the area of the hatched regions between (A) 30 
and (B) in Fig. 28 that power expended by one 
shadowed solar cell having a shadowed light re- 
ceiving area of 70 % is greater than that having a 
light receiving area of 20 %, contrary to Fig. 27. 

Rg. 29 is a graph showing a result of a wider 35 
range of such a simulation shown in Figs. 27 and 
28. In the present graph, the ratio of a shadow 
formed on the light receiving surface of one solar 
cell is plotted along the abscissa, and power (W) 
expended by one shadowed solar cell is plotted 40 
along the ordinate. Curves 29A, 29B and 29C cor- 
respond to a solar cell having parallel resistance of 
20 kO/cm^. 1 kQ/cm^ and 100 kn/cm^, respectively. 
It is appreciated that the increase in temperature of 
a shadowed solar cell is greater as the power 45 
consumption is larger. 

Fig. 30 is a graph showing the increase In 
temperature of one shadowed solar cell in a mod- 
ule having 36 solar cells connected in series. The 
ratio of a shadow to a light receiving surface is so 
plotted along the abscissa, and the increase in 
temperature (*C) of a shadowed solar cell Is plot- 
ted along the ordinate. Curve 30A shows the in- 
crease in temperature when the solar cell has a 
parallel resistance of 20 kn/cm^. It is appreciated 55 
from curve 30A that the temperature of a shadowed 
solar cell Is higher by 72 *C than other solar cells 
when 20 % of the light receiving area is shadowed 



in the shadowed solar cell. 

Rg. 30 relates to a solar cell module including 
36 solar cells connected in series. The increase in 
temperature of a shadowed solar cell will further be 
increased in a solar cell module including a greater 
number of solar cells. In practice, there is sufficient 
possibility of 20 % of the light receiving area of 
one solar cell being shadowed. 

Thus, it is understood that local shadowing in a 
solar cell module causes significant reduction in 
the output of the entire module. There is possibility 
of a shadowed solar cell being heated excessively 
to be damaged, in the worst case, a fire may break 
out. For example, in fine weather, the entire solar 
cell module rises to the temperature of 60 *C to 
70 'C by solar heat. According to the example 
shown in Fig. 30, a solar cell having 20 % of the 
light receiving area shadowed may be heated up to 
132*C to 142*C. In such a case, there is possibil- 
ity of the EVA resin in which solar cells are imbed- 
ded being colored or pores being generated there- 
in. 

in order to prevent damage due to heating of 
such a shadowed solar cell, a solar cell module as 
shown in Fig. 31 is proposed. The solar cell mod- 
ule of Rg. 31(A) has rectangular solar cells 10 
connected in series by Interconnector 11. Fig. 31- 
(B) is an enlarged perspective view of the portion 
indicated by the circle In (A). More specifically, 
adjacent solar cells 10 are connected by intercon- 
nector 11 via a bypass diode 15. Fig. 31(C) is an 
equivalent circuit diagram of solar cell 10 including 
bypass diode 15 of Fig. 31(B) (parallel resistance 
and serial resistance are not shown). It is appre- 
ciated from the circuit diagram that bypass diode 
15 passes through current caused by reverse bias 
voltage applied to a shadowed solar cell 10. There- 
fore, excessive heating or short circuit breakdown 
can be prevented in a shadowed solar cell. How- 
ever, the solar cell module of Fig. 31 has the 
disadvantage that the process of connecting the 
plurality of solar ceils while attaching a bias diode . 
is very complicated. Therefore, the manufacturing 
cost thereof is expensive. 

The usage of solar cells having bypass diodes 
integrated (Japanese Patent Laying-Open No. 3- 
24768) and solar cells integrated so that zener 
diodes are connected in parallel with the same 
polarity (Japanese Patent Laying-Open No. 5- 
110121) are known for solar cell modules. How-, 
ever, such solar cells must have diodes formed 
therein using mask alignment, which is a com- 
plicated manufacturing process of the solar cell. 
This results in increase of the manufacturing cost. 
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SUMMARY OF THE INVENTION 

In view of the foregoing, an object of the 
present invention is to provide a solar cell that can 
have significant reduction of the output of the entire 
module prevented when a solar celt is partially 
shadowed in a solar cell module. 

Another object of the present invention is to 
provide a solar cell module Improved to prevent 
excessive heating and short circuit breakdown 
caused by reverse bias voltage when a solar cell 
module is partially shadowed. 

A further object of the present invention is to 
provide such an improved solar cell at a low cost 
using simple manufacturing steps. 

A solar cell according to an aspect of the 
present Invention includes: a p type semiconductor 
substrate having a first main surface, a second 
main surface, and a side face therebetween; a first 
n type layer formed on the first main surface; a p 
type layer formed on the second main surface and 
having an impurity concentration higher than that of 
the substrate; and a second n type layer formed at 
least on the side face so as to connect the first n 
type layer and the p type layer. The second n type 
layer has an impurity concentration lower than that 
of the first n type layer at least In the vicinity of the 
region in contact with the p type layer. 

A method of manufacturing a solar cell accord- 
ing to another aspect of the present invention in- 
cludes the steps of: preparing a p type semicon- 
ductor substrate having a first main surface, a 
second main surface, and a side face there- 
between; applying an n type dopant agent on the 
first main surface; forming an type layer on the 
first main surface and an n type layer on the 
second main surface by applying a first thermal 
treatment to the substrate applied with a dopant 
agent; applying a paste layer including aluminum 
on the second main layer; and forming a p+ type 
layer on the second main layer and an electrode 
by applying a second thermal treatment to the 
substrate having the paste layer including alumi- 
num applied. 

In the solar cell of the present Invention, the 
connect region of the second n type layer and the 
p type layer form a small diode connected in 
parallel with a polarity identical to that of the solar 
cell formed of the p type substrate and the first n 
type layer. When the small diode Is illuminated 
with light, a weak electromotive force of a polarity 
identical to that of the solar cell is generated. When 
a reverse bias voltage Is applied to that solar cell, 
the small diode can pass through a current caused 
by the reverse bias voltage as leakage current 
since It has inferior reverse direction properties. 
More specifically, the solar cell of the present in- 
vention is characterized by including low parallel 



resistance when a reverse bias voltage is applied. 
Therefore, the usage of a solar cell of the present 
Invention in a solar cell module prevents significant 
reduction in the output of the entire module even 

5 when the solar cell module is shadowed locally. 
Excessive heating and short circuit breakdown are 
avoided In a shadowed solar cell. 

The manufacturing method of a solar cell ac- 
cording to the present invention does not require 

10 the resist printing step used for removing an n type 
layer formed on the back face and surface of a 
substrate of a conventional solar cell, an etching 
step, and a resist removal step. Therefore, a solar 
cell can be provided at low cost with a simple 

75 process. 

The foregoing and other objects, features, as- 
pects and advantages of the present invention will 
become more apparent from the following detailed 
description of the present invention when taken in 

20 conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a top view of a solar cell according to 
25 an embodiment of the present invention. 

Fig. 2 is a back surface view of the solar cell of 
Fig. 1. 

Rg. 3 shows sectional views of the manufactur- 
ing steps of the solar cell of Rgs. 1 and 2. 
30 Rg. 4 shows sectional views subsequent to the 
manufacturing step of Rg. 3. 

Rgs. 5 and 6 are elevation views showing 
examples of a spin coating method. 

Rg. 7 is a sectional view of a plurality of silicon 
35 substrates arranged on a quartz board. 

Rg. 8 is a graph showing the relationship be- 
tween the maximum output and the sheet resis- 
tance of an n layer 2c of the solar cell shown in 
Fig. 2. 

40 Rg. 9 shows sectional views of the manufactur- 
ing steps of a solar cell according to another em- 
bodiment of the present invention. 

Rg. 10 shows sectional views of the manufac- 
turing steps subsequent to Fig. 9. 
45 Rg. 11 is an equivalent circuit diagram of a 
solar cell according to the present invention. 

Rg. 12 is a graph showing the l-V characteris- 
tics pf the solar cell of Fig. 1 1 . 

Fig. 13 is a graph showing the l-V characteris- 
50 tics . actually measured of a solar cell obtained 
according to the present invention. 

Rg. 14 is a graph showing the l-V characteris- 
tics of Fig. 13 divided into the l-V characteristics of 
the main components of the solar cell and the l-V 
55 characteristics of a parallel diode. 

Fig. 15 is a graph showing the l-V characteris- 
tics In a solar cell module having 36 solar cells of 
the present Invention connected in series. 
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Rgs. 16 and 17 are graphs for describing the I- 
V characteristics in a solar cell module formed by 
solar ceils having great parallel resistance and low 
parallel resistance, respectively. 

Fig. 18 is a bottom view of a solar cell accord- 
ing to a further embodiment of the present inven- 
tion. 

Fig. 19 is a top view of a conventional solar 

cell. 

Rg. 20 Is a bottom view of the solar cell of Fig. 

19. 

Rg. 21 shows sectional views of the manufac- 
turing step of the solar cell of Figs. 19 and 20. 

Rg. 22 shows sectional views of the manufac- 
turing process subsequent to Rg. 21 . 

Rg. 23 shows a solar cell module having 36 
solar cells connected. 

Rg. 24 is a graph showing the l-V characteris- 
tics In a solar cell having great parallel resistance. 

Rg. 25 is an equivalent circuit diagram of a 
conventional solar cell. 

Fig. 26 is a graph showing the l-V characteris- 
tics in a solar cell module formed by conventional 
solar cells. 

Rgs. 27 and 28 are graphs showing the power 
consumption of one shadowed solar cell in a solar 
cell module formed by solar ceils having great 
parallel resistance and low parallel resistance, re- 
spectively. 

Rg. 29 shows the relationship between power 
consumption and the ratio of the shadowed area in 
a shadowed solar cell module. 

Fig. 30 is a graph showing the relationship 
between an increase In temperature and the shad- 
owed area of one shadowed solar cell in a solar 
cell module. 

Fig. 31 shows a conventional solar cell module 
including a bypass diode. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Rgs. 1 and 2 show a top view and a back 
surface view of a solar cell according to an em- 
bodiment of the present invention. The light receiv- 
ing surface of a solar cell 10A of Rg. 1 has a 
structure Identical to that of solar cell 10 of Fig. 19. 
Solar ceil IDA of Fig. 2 differs from solar cell 10 of 
Fig. 20 In that an n type semiconductor layer 2C is 
formed at tiie peripheral edge portion of the back 
surface. 

Rgs. 3 and 4 show the manufacturing steps of 
the solar cell shown in Figs. 1 and 2. The step of 
Fig. 3(A) is identical to that shown in Rg. 21(A), so 
that their description will not be repeated. 

Referring to Fig. 3(B), a dopant agent layer 20 
is applied on the top face of a semiconductor 
substrate 1 by a spin coater. A solution including. 



for example, 80 ml of tetra isopropyl titanate, 2000 
ml of isopropyl alcohol, and 45 g of phosphorus 
pentaoxide may be used as this dopant agent. The 
amount of phosphorus pentaoxide is selected with- 

5 in the range of 20 g to 70 g depending upon the 
diffusion condition in order to form an n layer of a 
desired impurity concentration (normally, 10^^ to 
10^° cm"3) at the top face of substrate 1. 

Such a dopant agent 20 can be applied on 

10 semiconductor substrate 1 by a spin coating meth- 
od shown in Fig. 5. Semiconductor substrate 1 is 
attracted via a tube along the rotary shaft of a spin 
chuck 21. Substrate 1 held by spin chuck 21 is 
rotated at approximately 5000 rpm. and dopant 

75 solution 20 is applied dropwise onto substrate 1 via 
a nozzle 22. Dopant solution 20 dropped on sut>- 
strate 1 spreads all over the top surface of semi- 
conductor substrate 1 by the centrifugal force. 
A plurality of the semiconductor substrates of 

20 Rg. 3(B) having dopant agent 20 applied are set on 
a quartz board 30 shown in Rg. 7. Here, the 
plurality of semiconductor substrates 1 are set so 
that the main surface on which tiie dopant agent is 
applied faces the same direction. The distance 

25 between each substrate 1 is adjusted to be within 
the range of 2.0 mm to 5.0 mm. Quartz board 30 is 
inserted into a quartz tube 31. In quartz tube 31, 
N2 gas including 0.5 % to 10 % of O2 gas is 
provided. Preferably, the concentration range of O2 

30 gas is 1 % to 5 %. Under this condition, the 
plurality of semiconductor substrates 1 are sub- 
jected to a themnal treatment for 45 minutes at 
900 *C, for example. 

Rg. 3(C) shows the results of the thermal treat- 

35 ment shown in Fig. 7. On the top surface of semi- 
conductor substrate 1, an n^ layer 2a of a thick- 
ness of approximately 0.4 um and an anti-reflection 
film 3 of TiQ2 having a thickness of approximately 
70 - 80 nm are formed simultaneously. Here, n 

40 type layers 2b and 2c are formed at the side face 
and the bottom surface, respectively, of substrate 1 
due to automatic doping according to out-diffusion 
from dopant agent 20. n layers 2b and 2c formed 
by automatic doping Have an impurity concentra- 

45 tion lower than that of layer 2a formed by direct 
diffusion from dopant agent 20. Furthermore, a thin 
oxide film 1a of 20 A - 100 A (the thickness of this 
oxide film is not shown Jn the drawing) is fonned at 
the surfaces of n layers 2b and 2c. This oxide film 

50 can be used as a passivation film. 

Referring to Fig. 4(A), paste 5 including silver 
and paste 6 including aluminum are printed at a 
predetermined pattern on the back surface of sub- 
strate 1. The peripheral edge of paste layer 6 

55 including aluminum retreats by 1 mm - 4 mm from 
the peripheral edge of substrate 1 . After the printed 
paste is dried, a baking process at the temperature 
of 700*C - 750 'C Is carried out, whereby a back 
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aluminum electrode 6 of approximately 50 urn in 
thickness and a back silver electrode 5 of approxi- 
mately 20 urn in thickness are formed. Here, a p"^ 
layer 7 of approximately 5 um in thickness is 
formed on aluminum electrode 6. This p^ layer 7 
serves to generate the BSF effect of a solar cell. 

Referring to Fig. 4(B), paste 8 including silver 
is printed with a pattern identical to that of pattern 
8a of Fig. 1. The peripheral edge of paste pattern 8 
retreats by 1 mm - 3 mm from the peripheral edge 
of substrate 1 . Paste pattern 8 is baked at a tem- 
perature of 650 • C - 750 • C, whereby a front silver 
electrode 8 is formed. Here, the paste including 
silver also includes glass frit, so that silver elec- 
trode 8 forms an ohmic contact with n+ layer 2a 
through anti-reflection film 3. 

Referring to Fig. 4(C), semiconductor substrate 
1 is dipped in a solder tank of approximately 
lOO'C, whereby silver electrodes 5 and 8 are 
covered with solder layers 5a and 8a, respectively, 
of approximately 20 um in thickness. Thus, the 
solar cell shown in Figs. 1 and 2 is completed. The 
sectional view of Fig. 4(C) corresponds to the 
structure of Fig. 2 taken along line 4F - 4F. 

Rg. 8 is a graph showing the relationship be- 
tween the maximum output and the sheet resis- 
tance of the back face n layer 2c in the solar cell of 
Fig. 4(C). The maximum output (W) of the solar cell 
is plotted along the abscissa, and the sheet resis- 
tance (O/d) of n layer 2c on the back surface is 
plotted along the ordinate. It is appreciated from 
Fig. 8 that the solar cell exhibits high and stable 
maximum output when the sheet resistance of n 
layer 2c becomes greater than 70 Q/d. However, if 
the sheet resistance of n layer 2c is too great, the 
solar cell will have great parallel resistance, so that 
the object of the present invention cannot be 
achieved. Therefore, the sheet resistance of n layer 
2c is preferably within the range of 70 - 300 Q/ti. 
More preferably, the sheet resistance of n layer 2c 
is within the range of 70 - 200 Q/ti in order to 
further facilitate the cun^ent flow when a reverse 
bias voltage is applied to the solar cell. 

The sheet resistance of n layer 2c at the back 
surface of substrate 1 can be controlled by adjust- 
ing the diffusion conditions such as the oxygen 
partial pressure and the distance between the sub- 
strates during the diffusion step shoyvn in Figs. 3(C) 
and 7. 

In contrast to the manufacturing steps shown in 
Figs. 21 and 22. it is appreciated that the embodi- 
ment shown in Figs. 3 and 4 do not require the 
respective anti-reflection film formation steps 
shown in Fig. 21(C) since anti -reflection film 3 is 
formed at the same time n type layers 2a, 2b and 
2c are formed as shown in Fig. 3(C), and also the 
resist printing step and etching step shown in Rg. 
21(D). and the resist removal step shown In Fig. 



22(E) . More specifically, the manufacturing steps 
of the embodiment shown in Figs. 3 and 4 are 
extremely simplified in comparison with the steps 
by prior art shown in Figs. 23 and 24. Therefore, a 

5 solar cell can be manufactured at low cost. 

Figs. 9 and 10 show manufacturing step of a 
solar cell according to another emt)odiment of the 
present invention. 

Referring to Fig. 9(A), a p type silicon substrate 

70 1 similar to that of Fig. 3(A) is prepared. 

Referring to Fig. 9(B), a dopant agent layer 20 
is applied on the top face of substrate 1, and an 
incomplete mask layer is applied at the peripheral 
edge portion of the bottom surface. Dopant agent 

75 20 can be applied, as shown in Fig. 6. using a spin 
coater as in the step of Rg. 3(B). It is to be noted 
that in Fig. 9(B), a mask material 23 is applied from 
nozzle 24 to the peripheral edge portion of the 
back surface of substrate 1 . 

20 A solution including 100 mi of ethyl silicate, 50 
ml of acetic acid, and 500 ml of ethyl alcohol, for 
example, can be used as mask material 23. Mask 
material 23 may include 1 g - 10 g of phosphorus 
pentaoxide In order to prevent mask layer 23 from 

25 functioning as a complete mask and to ensure 
slight diffusion of n type dopants. Mask material 23 
may include alkyi titanate instead of alkyi silicate 
such as ethyl silicate. 

Referring to Fig. 9(C), substrate 1 having dop- 

30 ant agent layer 20 and mask layer 23 applied is 
subjected to a thermal treatment for 45 minutes at 
900 • C, for example. As a result, n type layer 2a of 
a high impurity concentration and anti-reflection 
film 3 are formed on substrate 1 . n type layers 2b 

35 and 2c having an impurity concentration lower than 
that of n type layer 2a are formed at the side face 
and the bottom surface, respectively, of substrate 
1. An n type layer 2d having a thickness and 
impurity concentration smaller than those of the 

40 bottom face n type layer 2c is formed t>eneath 
mask layer 23. 

The manufacturing steps shown in (A) to (C) of 
Rg. 10 are similar to those of Fig. 4, and their 
description will not be repeated. 

45 The manufacturing method of a solar cell 
shown in Figs. 9 and 10 can be applied to a vapor 
diffusion method using POCia gas. In this case, 
the application of dopant agent layer 20 on^ sub- 
strate 1 is omitted, and vapor diffusion Is carried 

50 out using POCts gas after mask layer 23 Is pro- 
vided. 

Although the embodiment of Figs. 9 and 10 
was described in which mask layer 23 is not re- 
moved, mask layer 23 may be removed using a 
55 weak hydrofluoric acid. Mask solution 23 can be 
obtained by mixing a main solution described be- 
low and a solution including titanium or silicon. An 
additional solution may further be mixed if desired. 
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As the main solution, an alcohol group such as 
isopropyl alcohol, ethyl alcohol, methyl alcohol, and 
butyl alcohol or a ketone group such as methyl 
ethyl ketone can be used. 

As a solution including titanium, tetra isopropyl 
titanate. tetra n-butyl titanate. titanium chloride, etc. 
can be used. Furthermore, a solution having pow- 
der such as titanium, titanium boride, titanium car- 
bide, and titanium dioxide mixed into acid, alkali, 
alcohol, ester, etc. can be used. 

Ethyl silicate, methyl silicate, and isopropyl sili- 
cate can be used for the solution including silicon. 
Furthermore, a solution including a halide of silicon 
can be used. 

As the additional solution, carboxylic acid such 
as formic acid, acetic acid, oxalic acid, benzoic 
acid, etc. can be used. 

As dopant agent 20, a mixture of the above- 
described main solution and a solution including 
titanium added with an appropriate amount of phos- 
phorus source such as phosphorus pentaoxide or 
oxy phosphorus chloride can be used. For exam- 
ple, phosphorus of 1.04 - 3.63 gram atoms are 
added per 1 mol of Ti02 in a solution including 
titanium, and the alcohol group as the main solu- 
tion has the mixed rate determined according to 
the number of revolution of the spin coater to 
obtain the dopant agent layer 20 of a desired 
thickness (for example 70 - 80 nm). A more prefer- 
able mixed rate of phosphorus is 2.2 - 2.5 gram 
atom per 1 mol of TiOa. This value is selected 
since front silver electrode 8 cannot easily pierce 
anti-reflection film 3 if the phosphorus concentra- 
tion is too low, and control of the impurity con- 
centration of the n layer formed at the side face 
and the back surface of the substrate will become 
difficult due to significant out-diffusion if the phos- 
phorus concentration is too high. More specifically, 
a preferable example of a dopant solution is a 
mixture of 80 mX tetra isopropyl titanate (corre- 
sponding to 28 % TiOz), 2000 m£ of isopropyl 
alcohol, and 45 g of phosphorus pentaoxide. 

Fig. 1 1 shows an equivalent circuit diagram of 
a solar cell according to the present invention. 
Solar cell 11 A includes a diode 11B in parallel in 
addition to parallel resistance and serial resistance. 
Solar cell 11 A is formed of a p type substrate 1 
and an n+ layer 2a. Parallel diode 11Bjs formed of 
a p"^ layer 7 and an n layer 2c in the embodiment 
of Fig. 4(C), and a p^ layer 7 and an n layer 2d in 
the embodiment of Fig. 10(C). In such a solar cell, 
parallel diode 11B serves as a solar cell when 
illuminated with light. However, when the solar cell 
is shadowed and a reverse bias voltage is applied 
across nodes 1 1 C and 1 1 D, a relatively large leak- 
age current can be conducted from node 11D to 
node lie since parallel diode 118 has inferior 
reverse direction properties. More specifically, the 



solar cell shown in Rg. 1 1 is equivalent to including 
extremely low parallel resistance when shadowed. 

Rg. 12 shows the l-V characteristics in a quali- 
tative manner of the solar cell of Fig. 11, Curve 

5 12A and 12B show the l-V characteristics of a solar 
cell when not shadowed and when completely 
shadowed, respectively. By comparing curve 12B 
with curve 24B of Fig. 24. it is appreciated that the 
solar cell of Rg. 1 1 can conduct a greater current 

10 flow when a reverse bias voltage is applied in 
comparison with the solar cell of Rg. 25. 

Fig. 13 shows an example of the l-V char- 
acteristics measured by a solar cell obtained ac- 
cording to the present Invention. It is appreciated 

75 that the solar cell of the present invention having 
an extremely low parallel resistance has photoelec- 
tric conversion efficiency identical to that of a solar 
cell having a great high parallel resistance. 

Fig. 14 is a graph showing two l-V characteris- 

20 tics obtained by dividing the curve shown in Fig. 
13. More specifically, curve 14A shows the l-V 
characteristics of solar cell 11 A of Fig. 11, and 
curve 14B shows the l-V characteristics of parallel 
diode 1 1 B. ft can be considered that the l-V char- 

25 acteristics of Fig. 13 are obtained as a result of 
combining the l-V characteristics of solar cell 11A 
of Fig. 11 and the l-V characteristics of parallel 
diode 1 1B. 

Rg. 15 shows the l-V characteristics when one 

30 solar cell is shadowed in a solar cell module in- 
cluding 36 solar cells of the present invention. The 
present solar cell has a parallel resistance of ap- 
proximately 100 Q/cm^ including the parallel diode. 
The value of the % shown in the graph represents 

35 the ratio of a shadowed area with respect to the 
light receiving surface of one solar cell, it is appre- 
ciated from the graph of Rg. 15 that the output of 
the solar cell module is reduced by just approxi- 
mately 30 % even when one solar cell is com- 

40 pletely shadowed. By comparing Figs. 1 5 and 26. it 
is appreciated that a solar cell module using the 
solar cells of the present invention has reductiori of 
an output extremely suppressed when shadowed in 
comparison with that of a conventional solar cell 

45 module. 

This can be understood more easily by com- 
paring Rgs. 16 and 17. Fig. 16 shows the l-V 
characteristics in a solar cell module using sojar 
cells having high parallel resistance. In (A), curve 

50 1 6B shows the l-V characteristics of one solar cell 
completely shadowed. Curve 16A shows the l-V 
characteristics of n solar cells connected in series. 
Va represents the voltage of curve 16A, and Vb 
represents the voltage of curve 168. In (6), curve 

55 16C shows the l-V characteristics which is a com- 
bination of curves 16A and 16B. It can be appre- 
ciated that the output current of (n + 1) solar cells 
connected in series is significantly reduced since 
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the shadowed solar cell has a great parallel resis- 
tance. 

Rg. 17 shows the l-V characteristics in a solar 
cell module using the solar cells of the present 
invention. In Rg. 17(A), curve 17A is similar to 
curve 16 in Rg, 16(A), showing the l-V characteris- 
tics of n solar cells connected in series. In contrast, 
curve 17B shows the l-V characteristics when one 
solar cell having an extremely low small parallel 
resistance (100 Q/cm^) is completely shadowed. 
More specifically, since this solar cell has a low 
parallel resistance, a current according to a reverse 
bias voltage, when applied, can be easily con- 
ducted. In Rg. 17(B), curve 17C shows the l-V 
characteristics of a solar cell module including (n 
+ 1) solar cells connected in series obtained by 
combining curves 17A and 178. By comparing 
Rgs. 17(B) and 16(B), reduction in the output of the 
entire solar cell module Is significantly suppressed 
even if one solar cell is shadowed when the solar 
cell has a low parallel resistance. 

Line 308 in Rg. 30 shows the relationship 
between the shadowed area of one solar cell and 
an increase in temperature within a solar cell mod- 
ule having 36 solar cells of the present invention 
connected. It is appreciated that, even when one 
solar cell is completely shadowed in a solar cell 
module Including 36 solar cells of the present 
invention, increase in temperature of that solar cell 
is only 1 1 • C in comparison with the other solar 
cells. This is because cunrent due to reverse bias 
voltage flows easily since the parallel resistance of 
the shadowed solar cell is low. 

When the parallel resistance is to be further 
reduced in a solar cell of the present invention 
shown in Rg. 2, the peripheral edge of aluminum 
electrode pattern 6 can be formed in a waveform 
manner as shown in Rg. 18 to increase the contact 
interface between n layer 20 and p+ layer 7 shown 
in Rg. 4(C). 

Paste 6 Including aluminum may include silver 
paste including several % of aluminum. 

According to the present invention, a solar cell 
can be provided that has a photoelectric conver- 
sion efficiency equal to that of a conventional solar 
cell, and that can have the adverse effect of a 
shadow reduced significantly when used in a solar 
cell module. .More specifically, in a solar cell mod- 
ule using a solar cell of the present invention, 
reduction of output when locally shadowed can be 
suppressed significantly. Also, excessive heating of 
a shadowed solar cell In a solar cell module can be 
prevented. Therefore, the disadvantage of short 
circuit breakdown of the solar cell and the possibil- 
ity of fire can be avoided. 

According to the present invention, a solar cell 
that can exhibit superior effects when used in a 
solar cell module can be provided with a simple 



process at low cost. 

Although the present invention has been de- 
scribed and illustrated in detail, it is clearly under- 
stood that the same is by way of illustration and 
5 example only and is not to be taken by way of 
limitation, the spirit and scope of the present inven- 
tion being limited only by the terms of the appen- 
ded claims. 

10 Claims 

1. A solar cell comprising: 

p type semiconductor substrate (1) includ- 
ing a first main surface, a second main sur- 
75 face, and a side face therebetween, 

a first n type layer (2a) formed on said first 
main surface, 

a p type layer (7) formed on said second 
main surface and having an impurity concen- 
20 tration higher than that of said substrate (1), 
and 

a second n type layer (2b, 2c, 2d) formed 
at least on said side face so as to connect said 
first n type layer (2a) .with said p type layer (7), 
25 wherein said second n type layer (2b, 2c. 2d) 

has an impurity concentration lower than that 
of said first n type layer (2a) at least in the 
proximity of a region in contact with said p 
type layer (7). 

30 

2. The solar cell according to claim 1. wherein 
said second n type layer (2b, 2c. 2d) has a 
sheet resistance within the range of 70 to 300 
Q/d at least in the proximity of a region in 

35 contact with said p type layer (7). 

3. The solar cell according to claim 1 or 2, 
wherein said second n type layer (2b, 2c, 2d) 
extends to a peripheral edge of said second 

40 main surface as welt as on said side face. 

4. The solar cell according to any of claims 1 to 
3, wherein said second n type layer (2b, 2c, 
2d) and said p type layer (7) are connected on 

45 said second main surface, the connecting sur- 

face thereof being formed in a waveform man- 
ner In order to Increase the conriecting area. 

5. A method of manufacturing a solar cell com- 
50 prising the steps of: 

preparing a p type semiconductor sub- 
strate (1) including a first main surface, a sec- 
ond main surface, and a side face there- 
between, 

55 applying an n type dopant agent (20) on 

said first main surface, 

forming an n"*^ type layer (2a) on said first 
main surface and an n type layer (2b, 2c, 2d) 
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on said side face and said second main sur- 
face by applying a first thermal treatment to 
said substrate (1) applied with said dopant 
agent (20), 

applying a paste layer including aluminum 5 
on said second main surface, 

forming a p"^ type layer (7) on said second 
main surface and forming an electrode (6) by 
applying a second thermal treatment to said 
substrate (1) applied with said paste layer iri- io 
eluding aluminum. 

6. The manufacturing method of a solar cell ac- 
cording to claim 5, wherein an incomplete 
mask layer (23) is applied at a peripheral edge 75 
of said second main surface in applying said n 
type dopant agent (20) on said first main layer, 
wherein said second n type layer (2b, 2c, 2d) 
formed by said first thermal treatment has the 
thickness and impurity concentration reduced 20 
in a region (2d) below said mask layer (23). 

7. The manufacturing method of a solar cell ac- 
cording to claim 5 or 6, wherein said dopant 
agent (20) comprises a solution including 25 
phosphorus in the range of 1.04 - 0.63 gram 
atoms per 1 mol of Ti02, and wherein said n+ 
type layer (2a) on said first main surface and 

an anti-reflection (3) film of TiO? are formed at 
said first thermal treatment. 30 

8. The manufacturing method of a solar cell ac- 
cording to any of claims 5 to 7, wherein oxy- 
gen of a predetermined partial pressure is in- 
troduced during said first thermal treatment, 35 
and an oxide passivation film is formed at the 
surface of said substrate. 
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